Aflatoxin B1 (AFB1) is produced by Aspergillus flavus growing in feedstuffs. Early detection of maize contamination by aflatoxigenic fungi is advantageous since aflatoxins exert adverse health effects. In this study, we report the development of an optimized conventional PCR for AFB1 detection and a rapid, sensitive and simple screening Real-time PCR (qPCR) with SYBR Green and two pairs of primers targeting the aflR genes which involved aflatoxin biosynthesis. AFB1 contaminated maize samples were divided into three groups by the toxin concentration. Genomic DNA was extracted from those samples. The target genes for A. flavus were tested by conventional PCR and the PCR products were analyzed by electrophoresis. A conventional PCR was carried out as nested PCR to verify the gene amplicon sizes. PCR-RFLP patterns, obtained with Hinc II and Pvu II enzyme analysis showed the differences to distinguish aflatoxinproducing fungi. However, they are not quantitative and need a separation of the products on gel and their visualization under UV light. On the other hand, qPCR facilitates the monitoring of the reaction as it progresses. It does not require post-PCR handling, which reduces the risk of cross-contamination and handling errors. It results in a much faster throughout. We found that the optimal primer annealing temperature was 65 o C. The optimized template and primer concentration were 1.5 µL (50 ng/µL) and 3 µL (10 µM/µL) respectively. SYBR Green qPCR of four genes demonstrated amplification curves and melting peaks for tub1, afIM, afIR, and afID genes are at 88. o C respectively. Consequently, it was found that the four primers had elevated annealing temperatures, nevertheless it is desirable since it enhances the DNA binding specificity of the dye. New qPCR protocol could be employed for the determination of aflatoxin content in feedstuff samples.
INTRODUCTION
Thailand is a humid tropical country thus various kinds of food and feedstuffs such as peanuts, maize, rice and other cereals are frequently contaminated with aflatoxins, which are mycotoxin produced by Aspergillus flavus (A. flavus) and Aspergillus parasiticus (A. parasiticus) (1). Aflatoxin B1 (AFB1) is a potent hepatotoxic and hepatocarcinogenic mycotoxin affecting humans and several animal species (2) (3) (4) (5) (6) (7) . The conventional methods for identifying and detecting fungi in foods and feedstuffs rely on morphological characteristics and the outcomes can be highly variable depending on the media and culture conditions. Furthermore, they are time consuming, labor intensive and require the expertise of mycologists. The disadvantages of highly advanced chemical methods for the analysis of aflatoxins, such as thin-layer chromatography, high performance liquid chromatography, gas liquid chromatography, and gas chromatography/mass spectrometry, include the requirement for highly sophisticated cleanup and/or derivatization procedures. Much simpler and faster immunological methods are available, but they, in turn, have the disadvantage of "one substance-one assay" setup. These methods include the immunoaffinity column chromatography, the radioimmunoassay, and ELISA (8) (9) (10) (11) (12) . Recently, PCR-based methods have emerged as major tools for detection of aflatoxin-producing fungi in foods (13) (14) (15) . In this direction, a DNA-based detection method such as PCR, Nested PCR, PCR-RFLP, qPCR are more sensitive, specific and have been employed for the detection of aflatoxigenic fungi. Therefore, the development of an optimized method for detection and identification of aflatoxigenic fungi in foods and feedstuffs is needed for the estimation and neutralization of the associated potential health risks. Accordingly, this research was undertaken to develop an optimized DNA-based conventional PCR for the detection of AFB1 and develop a rapid, sensitive and simple screening qPCR with SYBR Green.
MATERIALS AND METHODS
Preparation of maize samples. Standard species of A. flavus, which is a local strain obtained from the Department of Agriculture, Ministry of Agriculture and Cooperatives, Thailand (AF, wild type as positive control), was cultured on potato dextrose agar medium for seven days. The cultures were washed in distilled water, mixed with 30% moisture commercial Thai maize and kept in burlap or gunny bags for one to two weeks for AFB1 production (16) . The inoculated maize samples were then evaporated and adjusted to 14% moisture. The maize samples were ground and analyzed for AFB1 by ELISA (DOA-Aflatoxin ELISA Test Kit) (17) . The AFB1 contaminated maize samples were divided into three groups by the differences between toxin concentration (A, B & C) of 100, 20 and 0 µg/kg, respectively (Fig. 1 ).
Genomic DNA preparation and PCR amplification. Genomic DNA, extracted from maize using DNeasy Plant minikit (Geneaid, USA) ( Fig. 1 ) was used for conventional and Real-time PCR. Maize samples contaminated with AFB1 were ground and the extracted fungal DNA was analyzed by electrophoresis on 2% agarose gel with ethidium bromide. The gel image was then documented using UV transilluminator. DNA was stored at −20 o C until PCR amplification (18) . PCR was performed to amplify the target fragments of aflatoxin-producing and control fungal genes. The reaction mixtures consisted of DNA template, dNTPs, Taq DNA polymerase, forward primer (F), and reverse primer (R). Amplification of the fungal DNA was performed in a total reaction volume of 25 µL and different PCR conditions for optimized PCR reaction (T1-T9), which contained extracted DNA from maize samples ( Table 1 and Fig. 1 ). PCR amplification reactions for PCR programs 1 and 2 of each cycle consisted of pre-denaturation, denaturation, primer annealing, and extension, and followed by final extension. Subsequently, a total of 35 amplification cycles were carried out in a programmable thermocycler ( Table 2 and Fig. 1 ).
Nested PCR. The nested PCR amplification was performed in two steps. The first step of PCR amplification was the reaction between primers aflR-1 and aflR-2 (Table 3 and Fig. 1 ). Then, PCR products from the first step were used as templates for the second step. The nested primers were aflR-1a and aflR-2b with the same reaction conditions as the first step. Electrophoretic analysis of the PCR products 1 and 2 were performed at 100 V for 40 min.
PCR-RFLP.
The PCR products from conventional PCR in this study were subjected to restriction endonuclease Hinc II and Pvu II enzyme analysis to look for RFLP (Fig.  1) . The DNA fragment amplified with primers was digested The first primers aflR-1 and aflR-2 and the nested primers aflR-1a and aflR-2b were used. The oligonucleotide primer pairs were used to target the specific fungal genes: Tub1-F and Tub1-R for tub1; Ver1 and Ver2 for aflM (versicolorin A); aflR 660 and aflR 1249 for aflR; nor1 and nor2 (norsolorinic acid) for aflD.
procedure was based on SYBR Green Supermix protocol. The target genes for A. flavus, their oligonucleotide primer pairs and their respective amplicon sizes were shown in Table 4 and Figs. 1~6. Specificity of set was tested by conventional PCR before detected by SYBR Green. The PCR product (10 µL) was analyzed by electrophoresis on 2% agarose gel with ethidium bromide and the gel image was documented. A 100 bp size ladder was used as a marker to indicate the size of amplicons in SYBR Green qPCR assay. Evaluation of the optimized annealing template of DNA (1.5 µL and 2.5 µL, different each condition) and primer concentration (1.5 µL and 3 µL, different each condition) was carried out using an iQtm SYBR Green Supermix 
RESULTS
Genomic DNA preparation from contaminated material and PCR amplification. The DNA was assessed and quantified using 2% agarose gel then the good genomic DNA was isolated from all groups (AF, A, B & C). The PCR amplification conditions of programs 1 and 2 were compared based on the electrophoretic banding patterns of PCR products (Table 1 and 2). The optimal PCR conditions in T1-T9 were shown in Fig. 2A and 2B. In this study, the PCR condition of program 2 gave the best results and the PCR conditions T5-T9 can be used as good PCR conditions. Analysis of fungal genes by nested PCR. Nested PCR was performed using primers aflR-1a and aflR-2b. The PCR product from amplification with primers aflR-1 and aflR-2 was used as template. Electrophoretic analysis of the PCR products was performed at 100 V for 40 min. The results were shown that the DNA could be detected PCR product 1 from wild type (AF) and group A, B & C (Table 3 and Fig.  3A) . Electrophoretic banding patterns of nested PCR products obtained after amplification with primers aflR-1a and aflR-2b are given in Fig. 3B . The sizes of the resulting DNA fragments were estimated after comparing with a commercial 100 bp DNA ladder.
PCR-RFLP analysis.
Restriction fragment length polymorphism (RFLP) based analysis was a technique used for genotyping. DNA sequence polymorphisms display different migration profiles from wild-type fragment patterns when DNA was digested with restriction fragments in product 1, nested PCR (product 2) and separated by electrophoresis. The DNA fragment sizes were estimated after comparison with a commercial 100 bp DNA ladder.
PCR product 1 digestions with Hinc II and Pvu II was performed to enable restriction site distribution analysis, were shown 5 (150, 200, 250, 400, 800 bp) and 4 (150, 200, 380, 700 bp) PCR-based detection, respectively (Fig. 4A) . The resulting fragments were separated by electrophoresis from PCR product 2 digestions with Hinc II and Pvu II were shown specific banding of 2 (100, 150 bp) and 3 (100, 150, 400 bp) PCR-based detection, respectively (Fig. 4B) . PCR-RFLP patterns obtained with these two enzymes showed adequate differences to distinguish the aflatoxinproducing fungus from controls. The conditions for double digestion reactions were essentially the same for both enzymes, except that 20 units of Hinc II and 40 units of Pvu II were used in 2 × concentrated buffer, T8 and T9 (Fig.  4C) . The sizes of the resulting DNA fragments were estimated after comparing with a commercial 100 bp DNA ladder.
Real-time PCR (qPCR) analysis. Sample DNA concentrations were determined using Genesys 10 series spectrophotometer (Thermo Fisher Scientific). The purity of the extracted DNA was between 1.6 and 1.9. The samples were then diluted to a final DNA concentration of 50 ng/µL. The target genes for A. flavus, the specific oligonucleotide primer pairs, and their respective amplicon sizes are shown in Table 4 . Primer set specificity was tested by conventional PCR, which was carried out to assess the different gene amplicon sizes (Fig. 5A ). PCR products (about 10 µL) were analyzed by electrophoresis on 2% agarose gel with ethidium bromide, and the gel image was then documented. A commercial 100 bp DNA ladder was used as a marker to determine the amplicon sizes. Evaluation of the optimal volume of the annealing DNA template (1.5 µL or 2.5 µL) and optimal primer concentrations (1.5 µL or 3 µL) was carried out using iQtm SYBR Green Supermix (BioRad Laboratories, Hercules, CA), according to the manufacturer's instructions. Amplification reactions were performed with 12.5 µL SYBR Green Supermix, 1 µL primers, 1.5 or 2.5 µL template DNA, 1. (19) . We herein adapted and validated a Real-time PCR procedure based on the SYBR Green protocol with two primer pairs that targeted the aflR genes. We found that the optimal annealing primer temperature was 65 o C. SYBR Green Real-time PCR for the quantification of the four genes gave reproducible amplification curves. The melting curves for the individual genes are given in Fig. 5B and 5C. The melting peak temperature for tub1 was 88. 
DISCUSSION
Early detection of contamination of maize by aflatoxigenic fungi is extremely useful because aflatoxins exert adverse health effects (20) . In this report, we developed highly specific methods that allow the detection of A. flavus in Thai maize samples. Conventional PCR was carried out as nested PCR to describe the gene amplicon size of all 4 groups (Fig. 3A, 3B and Table 3 ). PCR-RFLP patterns obtained with these two enzymes showed sufficient differences to distinguish aflatoxin-producing fungi, that patterns might show the genetic similarly among the other groups of this section (Fig. 4A, 4B and 4C) . We found that, there are several limitations in conventional PCR assays. For example, they are not quantitative and need a separation of the products on gel and their visualization under UV light. Real-time PCR is a technique used to monitor the progress of a PCR reaction in real time. It can be used to quantify a relatively small amount of a PCR product obtained from DNA, cDNA or RNA templates. Real-time PCR is based on the detection of fluorescence of a reporter molecule, which increases as the reaction proceeds. This increase in the fluorescent signal occurs due to the accumulation of the PCR product with each amplification cycle. Fluorescent reporter molecules include dyes that bind to the doublestranded DNA (i.e. SYBR® Green). Real-time PCR facilitates the monitoring of a reaction as it progresses (21). It does not require post-PCR handling, which reduces the risk of cross-contamination and handling errors. These features result in a much higher throughout than other detection methods (22) .
The present study was designed to optimize the detection of aflatoxin-producing fungi in maize. The detection of the amplified template was accomplished with SYBR Green. This revealed that the four primers had a high annealing temperature. This high annealing temperature is desirable because it enhances DNA dye binding specificity, prevents inhibition and primer-dimer formation (23) . The amplification of the PCR product is detected by monitoring the fluorescence of non-specific stains, such as SYBR Green, which bind double stranded DNA (24) . The melting profile of the PCR products is then checked at the end of the reaction to verify the specificity of the amplification reaction (25) . We optimized the Nested PCR, PCR-RFLP and Realtime PCR assays for the detection of the aflatoxin-producing fungi in Thai maize. We developed highly specific methods that allow the detection of aflatoxigenic fungi species, i.e., A. flavus in sample maize feedstuffs. In addition, we developed and optimized a Real-time PCR assay with SYBR Green (Table 4 , Fig. 5A , 5B and 5C). The key steps of the PCR reaction optimization included the adjustment of primer and template concentrations, and the reaction performance with the annealing temperature of 65 o C. We found that the optimal template concentration was 1.5 µL (50 ng/ µL) and the optimal primer concentration was 3 µL (10 µM/µL), respectively.
The PCR methods outlined in this study may play an important role in the future quality and safety procedures in
